SUMMARY
Cardiovascular disease, especially ischaemic heart disease, is common and present in approximately 15% of all patients undergoing surgery [1] . It is recognized that these patients are at increased risk of perioperative myocardial ischaemia [2] . The incidence of postoperative myocardial infarction in such patients undergoing non-cardiac surgery was between 5 and 18% in various studies, compared with 0.1-0.4% in patients without evidence of preoperative ischaemia [3] [4] [5] [6] . The true incidence of postoperative ischaemia is difficult to ascertain because the usual associated symptoms and signs may be masked in the postoperative period by the residual effects of anaesthesia, opioid analgesics or surgical pain. Myocardial infarction in the postoperative period may occur without chest pain (21-60 %) [3, 7] and may be diagnosed only by investigation of clinical events such as hypotension or retrospectively at postmortem. Previous studies of postoperative cardiac status have used discrete ECG recordings either in the early postoperative period or at 24-h intervals [3, 8] . This method cannot guarantee detection of significant transient ischaemia, which may occur at any time in response to stress such as pain, hypoxia, tachycardia or hypertension. The diagnosis of ischaemia, however, has been made easier by the development of more reliable ECG monitors using continuous computerized ST segment analysis [9] .
The identification of factors present before operation which may identify the risk of postoperative myocardial infarction is important. The risk indices described by Goldman and coworkers [10] and Detsky and co-workers [11] have been used. However, Detsky suggested that factors in their populations may not apply elsewhere. Examples of these factors are recent myocardial infarction, cardiac failure or arrhythmias before surgery, but the relative contribution of these and other factors in patients in the U.K. is not well described.
In the present study, we have used continuous ECG monitoring with analysis of ST segment changes to detect the incidence of postoperative myocardial ischaemia in an at-risk group of patients, and any associated risk factors. 
PATIENTS AND METHODS
Following Ethics Committee approval, we studied 108 patients undergoing non-cardiac surgery. All patients were older than 45 yr and known to have cardiovascular disease before operation. This included a history of angina, previous myocardial infarction (> 6 months before), cardiac failure, treated hypertension, valvular heart disease, or any combination of these conditions. Written informed consent was obtained from all patients.
Preoperative assessment included full medical history, physical examination and ECG. Factors of particular interest were age, sex, arterial pressure, smoking history, current drug therapy, Goldman score, ASA rating and the nature of the cardiovascular disease. Details of perioperative management were recorded subsequently; the factors of interest were the type and duration of surgery, anaesthetic regimen, all intraoperative and postoperative arterial pressure recordings, and duration of prescribed postoperative oxygen therapy (table I) .
The "Compas" computerized ambulatory ECG surveillance system was used. This is a portable lightweight unit (about the size of a Sony "Walkman") which is attached to the patient via four chest electrodes. The monitor contains a microprocessor-based solid state system programmed with algorithms for accurate interpretation of the ECG. This is a fully automated system which detects, diagnoses and records ischaemic changes and arrhythmias as they occur. The data are stored in the unit for subsequent printing in a standardized report form. The timecorrelated report is generated on downloading to a dedicated printer. The report consists of tables, graphs and selected ECG events, documenting arrhythmias, ST segment changes and heart rate. In the present study, the unit was programmed to an ST mode selecting augmented unipolar leads V2, V5 and AVF. The ST mode reports changes in the ST segment (relative to the baseline) lasting > 30 s and includes ST elevation > 2 mm, ST upsloping depression ^ 2 mm, or ST horizontal or downsloping depression ^ 1 mm. The times at which these changes start and end are recorded.
Each patient underwent continuous ECG monitoring. The monitor was attached to the patient on the day before surgery to obtain a preoperative recording of up to 24 h (mean duration 14.8 h). The unit was removed immediately before surgery and re-applied in the recovery room. Monitoring was then continued for a further 48 h, with a downloading of data at 24 and 48 h.
Data from the Compas monitor included records of all significant shifts of the ST segment and hourly count of ventricular ectopics. Ischaemic changes were analysed further as ischaemic events and ischaemic time. An ischaemic event was denned as an episode of ST segment depression of > 1 mm below, or elevation of > 2 mm above, the baseline, and persisting for 1 min or more (i.e. events reported in two or more consecutive minutes). The total number of events occurring in each 24-h period of monitoring was recorded, and averaged to give a unit of ischaemic events per hour. The number of these events associated with tachycardia (defined as an increase of 10% or more from the resting baseline heart rate) was recorded. Ischaemic time was denned as the total duration of ischaemic events in each 24-h period, which was then averaged to give a unit of ischaemic time (min h" 1 ).
Ventricular ectopic activity was quantified by recording the maximum hourly count of ventricular ectopic beats (VEB) which occurred in each 24-h period (VEB h" 1 ). This method was chosen as our pilot studies had shown that VEB tended to occur in clusters over a few hours.
Statistics
Statistical analyses were performed using SPSS/PC+ V2.0. Correlations were sought between ischaemic times, ischaemic events, VEB count and all of the proposed possible risk variables. Stepwise multiple regression analysis was then applied. Calculations of mean values and their comparison between groups were performed using analysis of variance and paired t test. The distribution of ischaemia and VEB within groups were compared using chi-square.
Patients were followed up by means of a postal questionnaire to their General Practitioners after 6 months and 1 year. Details of any deterioration in their cardiovascular status were requested.
RESULTS

Ischaemia
Before operation, 88 patients (81%) had ischaemic changes on their ECG, and this number increased to 93 (86%) after operation. Ischaemia was commoner in men both before (P < 0.001) and after operation (P = 0.025), and occurred more frequently after operation in those patients in whom it was present before operation (P = 0.0029). No patient complained of chest pain.
The mean number of ischaemic events before operation was 4.6 hr 1 , and of these 1.75 (38%) were associated with tachycardia. After operation, the mean number of events was 4.48 h" 1 and, of these, 2.73 (61 %) were associated with tachycardia. This difference between number of events associated with tachycardia before and after operation was significant (P = 0.046). There were no other significant differences in numbers of ischaemic events between the various risk groupings.
The mean values for ischaemic time for different disease groups are listed in table II. For all patients, the mean ischaemic time before operation was 10.7 min h" 1 ; it was 13.4 min h" 1 on the first day after operation, and 14.7 min h" 1 on the second day (ns). Patients with treated hypertension had a mean postoperative ischaemic time of 17.1 min h" 1 on the first day after operation, and this was significantly different from both their preoperative ischaemic time of 12 min hr 1 (P -0.038), and the postoperative time of 9.5 min h" 1 in those patients without hypertension (P = 0.043). No other group showed significant changes in ischaemic time.
The ischaemic time after surgery had a positive correlation with preoperative time (P < 0.001), Goldman score (P = 0.014), the minimum recorded preoperative systolic arterial pressure (P = 0.004), maximum (P = 0.002) and minimum (P = 0.004) peroperative systolic arterial pressure and the presence of treated hypertension (P = 0.02). With stepwise multiple regression analysis, postoperative ischaemic time was found to correlate with preoperative ischaemic time (P < 0.001) and with the maximum recorded peroperative systolic arterial pressure (P = 0.040). The presence of preoperative treated hypertension did not achieve significance (P = 0.12), but in these patients the maximum recorded peroperative systolic arterial pressure was significantly greater (mean 153 mm Hg compared with 144 mm Hg for the non-hypertensive group) (P = 0.045).
After operation, myocardial infarction occurred in two patients. A 75-yr-old man, who had undergone oesophagogastrectomy, suffered fatal cardiac arrest on the third day after operation, just 6 h after Compas monitoring had been discontinued. Ischaemic times for this patient were shorter than mean times for all 3 days of monitoring (0.3 min h" 1 ,1.35 min h~' and 1.8 min h" 1 , respectively). The second patient, a 72-yrold man who had undergone bowel surgery, had an anterior myocardial infarction on the third day after operation, but survived and was still alive 6 months later. His preoperative ischaemic time was prolonged (57 min h" 1 ) but was reduced on both postoperative days (21.5 min h" 1 and 31 min h" 1 , respectively).
Ventricular ectopics
Before operation, 92 patients (85 %) had VEB, with a mean maximum rate of 62 VEB h" 1 , and a median of 7 VEB h" 1 . They occurred more frequently in men (P = 0.002). The greatest recorded rate in one patient was 1187 VEB h" 1 (approximately 19 VEB min" 1 ), increasing to 1914 VEB h" 1 after operation. The hourly rate had a positive correlation with Goldman score (P = 0.037) and diuretic therapy (P = 0.037).
After operation, 93 patients (85%) had VEB; nine of these had had none before operation. The overall mean maximum rate was 109 VEB h" 1 , significantly more than the preoperative rate of 62 VEB h" 1 (P = 0.027). When analysed by disease grouping (table III), the postoperative rate was significantly greater than the preoperative rate in those patients without treated hypertension (P = 0.029). No other factor was associated with any significant change in the VEB rate. With multiple regression analysis, however, the postoperative rate was found to correlate positively with the preoperative rate (P < 0.001), diuretic therapy (P < 0.001) and the Goldman score (P < 0.001).
Patient follow up
One year after surgery, six patients had been lost to follow up. Of the remaining 102, 15 had died. Three deaths were a result of myocardial infarction. The other deaths were caused by malignant disease (10), stroke (one) and head injury (one). Of the cardiac deaths, one occurred on the third day after operation, one at 2 months, and the third 8 months later.
Of the survivors, one patient had a myocardial infarction 48 h after operation but was alive and well 6 months later. Four other patients were on altered medication for worsening angina 6 months later, and two more after 12 months. DISCUSSION We studied 108 patients with known cardiovascular disease and therefore likely to be at risk from adverse cardiac events in the perioperative period. There was a high incidence of ischaemic events and ventricular arrhythmias. The duration of postoperative ischaemia correlated with that of preoperative ischaemia and peroperative systolic arterial pressure, and was increased significantly following surgery on patients with treated hypertension.
Ischaemic events occurred in 81 % of our patients before operation, and this reflects our selection of an at-risk group. The rate was 18-40% in other studies using continuous ECG monitoring [12] [13] [14] . Some of these studies were based on patients about to have cardiac surgery, and as our criteria for an ischaemic event were similar, the greater incidence in our patients may be a reflection of differences in patient selection. The majority of preoperative events were not associated with tachycardia, and this agrees with previous observations that most perioperative ischaemic ECG changes occur without acute haemodynamic changes at their onset [14] . This is consistent with the concept that many transient ischaemic episodes may be related to intermittent decreases in myocardial oxygen supply rather than increased demand, resulting from increased coronary artery tone or platelet aggregation [15] . However, further stress to the myocardium is more likely to precipitate ischaemia, and this may explain the greater proportion of ischaemic events after operation which were associated with tachycardia.
Overall, anaesthesia and surgery did not worsen preoperative ischaemia significantly. Similar observations have been made in previous studies, involving patients undergoing coronary artery bypass grafting (CABG) [12] , or non-cardiac surgery [13] . However, patients with treated hypertension, with or without other cardiovascular disease, became significantly more ischaemic after operation. Although these patients were receiving antihypertensive medication which was continued up to, and including, the day of surgery, their pre-and peroperative systolic arterial pressures were significantly greater than those of other patients. Although patients with untreated hypertension are generally accepted to be at increased risk of perioperative morbidity [16, 17] , the widely used cardiac risk indices of Goldman and colleagues [10] and Detsky and colleagues [11] do not include moderate hypertension (diastolic arterial pressure < 110 mm Hg) as a significant risk factor. The data from our study suggest that, even though apparently adequately treated, patients with hypertension were at risk from higher peroperative arterial pressures and increased ischaemia after operation.
Significant correlations with postoperative ischaemic time were found for preoperative ischaemic time, the presence of treated hypertension, preoperative and peroperative systolic arterial pressure, and the Goldman score. Preoperative ischaemic time and the maximum recorded peroperative systolic arterial pressure remained the only significant independent correlates following multiple regression analysis. Thus there was no statistical association between postoperative ischaemic time and patient age, sex, ASA rating, smoking habits, angina, previous myocardial infarction, ventricular ectopics, type or duration of surgery and anaesthesia, preoperative drug therapy or duration of postoperative oxygen therapy. Historically, many of these features have been cited as significant risk factors in the occurrence of perioperative cardiac morbidity, although from a recent review [17] it is apparent that many previous studies have had conflicting results. The reviewer concluded that recent myocardial infarction and heart failure are the only proven preoperative predictors, and that intraoperative factors associated with increased risk appear to be emergency surgery, vascular surgery, prolonged thoracic or upper abdominal surgery, hypotension and tachycardia.
The relationship of perioperative ischaemia to cardiac outcome is not clear. Slogoff and Keats, in their study of 1023 patients undergoing CABG, found a correlation between postoperative myocardial infarction and perioperative ischaemia [18] : infarction was almost three times as frequent in patients with ischaemia. In a study of 176 patients undergoing elective vascular surgery, a positive correlation was found between preoperative ischaemia and postoperative cardiac events, defined as myocardial infarction, unstable angina or pulmonary oedema [19] .
Of our patients who developed postoperative myocardial infarction, the one who died had very little ischaemia before infarction, while the survivor had high ischaemic times before and after operation. Of those whose cardiac status had deteriorated in the 12 months after surgery, there was no correlation with pre-or postoperative ischaemic times, or with any of the risk factors considered.
The development of ambulatory ECG monitors has shown that episodes of ST segment changes occur in patients with or without cardiovascular disease [20] [21] [22] . Such ECG changes may not always represent myocardial ischaemia in otherwise healthy patients, but probably do in those with coronary artery disease [21] . This is supported by studies using haemodynamic, radionuclide imaging and angiography methods [20, 22, 23] . In our study we found the Compas monitor to be safe, reliable and quite acceptable to the patients. It would have been useful to continue monitoring during induction of anaesthesia and surgery, but the possibility of damage to the monitor by diathermy prevented this.
The high incidence of VEB in our patients is not unusual. The prevalence of VEB within the normal population during a 24-h period of monitoring was reported to be between 17 and 100% in different studies [24] , and appears to increase with age [25, 26] . It is also greater in males than females for any given age [27] , and this was borne out in our results. Patients taking diuretics had more VEB than other patients after operation, and this may be related to changes in serum potassium concentration.
The significance of VEB is debatable. They are not uncommon in the normal population and are usually benign in the absence of heart disease. Frequent VEB in patients with evidence of ventricular dysfunction or with acute myocardial infarction are indicative of increased risk [28, 29] . Earlier studies have tried to define the predictive value of intraoperative arrhythmias. Steen, Tinker and Tarhan reported them as significant [30] , whilst Rao, Jacobs and El-Etr found no correlation between incidence or type of arrhythmias and perioperative re-infarction [31] . Few studies have assessed adequately the importance of preoperative arrhythmias. They feature in Goldman's risk index as an independent predictor of cardiac complications, but in his study, patients who died did so for reasons other than the observed arrhythmia, and he considered them important as a marker of more severe heart disease [10] . In our patients we found no correlation between pre-or postoperative VEB rate and ischaemic times, or with final outcome.
We have demonstrated the high incidence of ischaemic ECG changes and ventricular arrhythmias occurring in the perioperative period in patients with cardiovascular disease. The frequency of VEB was significantly increased following surgery, but did not correlate with either ischaemic time or outcome. Anaesthesia and surgery increased significantly the ischaemic time in patients with treated hypertension. Postoperative ischaemic time may be related to peroperative systolic arterial pressures, which were greater in these patients.
If silent ischaemic ECG changes are an intermediate stage in the development of overt angina or myocardial infarction, this observation is important, suggesting that more meticulous control of peroperative arterial pressure could be beneficial. However, we failed to show a correlation between ischaemic time and cardiac mortality arid morbidity, and this link has yet to be established.
